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VEGA 1/0318/25 Aggregation of uncertain data and its specifics when used in neural
networks

PhD Topic
Generalized Fuzzy Integrals for Information Fusion in Smart Process Control

Smart Process Control systems increasingly rely on heterogeneous data sources,
multiple performance indicators, and expert knowledge. These systems must operate
under uncertainty, interaction between variables, and incomplete or qualitative
information. Classical control and optimization methods often employ additive models
that are insufficient for capturing such complex dependencies.

This PhD project focuses on the theoretical development of fuzzy integrals and their
generalizations as advanced aggregation and information fusion tools for Smart
Process Control. The research will emphasize mathematical foundations, axiomatic
properties, and structural analysis of fuzzy integrals, with selected illustrative
applications in smart process monitoring, decision-making, or control-support systems.
The project is theory-driven. Application aspects serve primarily as motivation and
validation of the developed mathematical concepts.

Systémy Smart Process Control sa ¢oraz viac opieraju o heterogénne zdroje dat,
viacero vykonnostnych ukazovatelov a expertné znalosti. Tieto systémy musia
fungovat’ v podmienkach neistoty, vzajomnych interakcii medzi premennymi a
neuplnych alebo kvalitativnych informacii. Klasické metddy riadenia a optimalizacie
Casto vyuzivaju aditivne modely, ktoré nie su schopné adekvatne zachytit takéto
komplexné zavislosti.

Tento doktorandsky projekt je zamerany na teoreticky rozvoj fuzzy integralov a ich
zovSeobecneni ako pokrogilych nastrojov agregéacie a fuzie informacii v systémoch
Smart Process Control. Vyskum bude klast déraz na matematické zaklady, axiomatické
vlastnosti a Strukturalnu analyzu fuzzy integralov, priom vybrané ilustracné aplikacie
budu smerované do oblasti inteligentného monitorovania procesov, rozhodovania alebo
systémov podpory riadenia.

Projekt je teoreticky orientovany. Aplikacné aspekty budu sluzit predovSetkym ako
motivacia a overenie vyvinutych matematickych konceptov.
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VEGA 1/0339/26

PhD Topic
Development of Advanced Methods for Embedded MPC
Vyvoj pokrocilych metdd pre vnorené prediktivne riadenie

The development of methods for embedded Model Predictive Control policies focuses
on creating advanced approaches and algorithms to enable distributed or parallelizable
control for complex and embedded systems. These control strategies aim to optimize
control performance of the interconnected subsystems while ensuring computational
efficiency, closed-loop system stability, and robustness subject to uncertainties and
disturbances. The research project considers designing mathematically tractable
approaches that introduce robust control policy to enable distributed and parallel
decision-making, addressing challenges such as communication constraints,
subsystem interactions, and the demands of real-time implementation.

Vyvoj metod pre vnorené prediktivne riadenie zalozené na modeli sa zameriava na
navrh pokrocilych metod a algoritmov riadenia, ktoré umozriuju efektivne vyuzit
distribuované alebo paralelné vypocty pre zloZité alebo a vnorené systémy. Tieto
riadiace metddy maju za ciel optimalizovat kvalitu riadenia vzajomne prepojenych
systémov, pri zabezpeceni vypoctovej efektivnosti, stability uzavretého regulaéného
obvodu a robustnosti voci neurcitostiam a porucham. Vedecky projekt zahffia navrh
vhodnych matematickych pristupov, ktoré uvazuju robustné riadenie s ohfadom na
distribuované a paralelné vypoctu. Pritom sa rieSia vyzvy spojené s komunikacnymi
obmedzeniami, interakciami medzi systémami a poziadavky na implementaciu v
realnom Case.
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11428-11433, 2020.

VEGA 1/0263/25: Safe and Reliable Industrial Monitoring, Optimization, and Control

PhD Topic
Set-based control of nonlinear systems
MnoZinové riadenie nelinearnych systémov

As the computers and algorithms get generally faster, many new control concepts
become tractable and can be developed. Set-based control is one of these, where the
primary use of sets is in enveloping a space of possible evolutions of variables of a
system over time. If these envelopes can be obtained in reasonable time, many
properties of dynamic systems such as stability or robustness can be reasoned about.
The first goal of the thesis is to build a novel type of multi-base set arithmetics that
combines elements such as interval analysis, convex-set theory, and polynomial-
functions theory to achieve the best trade-off between accuracy of representation and
the burden associated with the underlying calculations to obtain the envelopes. The
second goal of the thesis is to develop methods of synthesis of controllers that can be
used for safe and reliable control of nonlinear systems. The project of the thesis will be
finished with a successful demonstration of the developed techniques on a laboratory
plant.

Ako sa pocitace a algoritmy stavaju rychlejSimi, viaceré prelomové koncepty riadenia
sa stavaju dostupnymi a moézu byt rozvijané. Mnozinové riadenie patri k takymto
konceptom, kde hlavnym u€elom vyuzitia mnozin je najdenie vietkych moznych
scenarov vyvoja systému v ¢ase. Ak je takato informacia dostupna v rozumnom ¢ase,
mbze byt vySetrenych vela vlastnosti systému, ako napriklad stabilita a robustnost.
Prvym ciefom prace je vytvorenie novej multi-bazovej mnozinovej aritmetiky, ktora
kombinuje intervalovu analyzu, teériu konvexnych mnozin a teériu polynomickych
funkcii, na dosiahnutie najlepSieho pomeru presnosti a vypoctove;j sily potrebnej na
pracu. Druhou ulohou prace je vytvorit metddy na navrh riadenia pouzitefné pre
bezpecné a spolahlivé riadenie nelinearnych sustav. Praca na predkladanej téme bude
ukonc€ena experimentalnym overenim vyvinutych metdd na laboratérnom zariadeni.
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VEGA 1/0263/25: Safe and Reliable Industrial Monitoring, Optimization, and Control

PhD Topic

Development of reliable and explainable models for industrial monitoring, optimization,
and control

Vyvoj spolahlivych a vysvetlitefnych modelov pre priemyselné monitorovanie,
optimalizaciu a riadenie

Safe and sustainable process systems, which constitute the backbone of a modern,
developed society, require sensing of key process variables, estimation of unmeasured
variables, and application of actions that steer the systems towards desired goals.
Automation of human decisions in such tasks would make these decisions become
fast, reliable, and error-free. A key technology on the rise in this context is the use of
combined mathematical modelling and statistical learning to gather information through
software (soft) sensors to monitor, assess, and steer the behaviour of dynamic systems
(e.g., industrial processing plants, water, gas and energy networks, or manmade
machines and vehicles) into desired operating regimes. The delivered tools will exploit
domain knowledge — making the designed mathematical models explainable — and
assess and improve the information content of the data — making the models reliable
and fit for industrial needs.

Bezpecné a udrzatelné procesné systémy, ktoré tvoria chrbticu modernej, rozvinutej
spolo¢nosti, vyzaduju snimanie kfu€ovych procesnych premennych, odhad
nemeranych premennych a uplatiiovanie €innosti, ktoré smeruju systémy k
pozadovanym cielom. Automatizacia fudskych rozhodnuti pri takychto tlohach umozni,
aby sa tieto rozhodnutia stali rychlymi, spolahlivymi a bezchybnymi. Klu¢ovou
technolégiou na vzostupe je v tomto kontexte pouzivanie kombinovaného
matematického modelovania a $tatistického u€enia na zhromazdovanie informacii
prostrednictvom softvérovych senzorov na monitorovanie, hodnotenie a riadenie
spravania dynamickych systémov (napr. priemyselnych spracovatelskych zavodov,
vody, plynu a energetickych sieti alebo umelych strojov a vozidiel) do pozadovanych
prevadzkovych rezimov. Vyvinuté nastroje budu vyuzivat fyzikalne poznanie — vdaka
¢omu budu navrhnuté matematické modely vysvetlitelné — a budu schopné posudit a
zlepsit informacny obsah udajov — vdaka ¢omu budd modely spolahlivé a vhodné pre
priemyselné potreby.
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28, pp. 73-82, 2015.

VEGA 1/0263/25: Safe and Reliable Industrial Monitoring, Optimization, and Control

PhD Topic
Modelling, Optimal Design and Optimal Operation of Membrane Processes
Modelovanie, optimalny navrh a optimalna prevadzka membranovych procesov

Membrane processes are crucial in various industrial sectors, including water
purification, pharmaceuticals, and food processing, due to their efficiency and
sustainability. This proposed research aims to develop an integrative framework that
combines advanced mathematical modeling techniques with optimization algorithms to
achieve optimal design and operation of membrane processes. The study will involve
the development of comprehensive mathematical models that capture the complex
phenomena involved in membrane processes, considering factors such as mass
transfer, fluid dynamics, and membrane fouling. Furthermore, the research will focus on
optimizing the design parameters of membrane systems to enhance performance,
minimize energy consumption, and reduce environmental impact. Finally, the proposed
framework will facilitate real-time optimization strategies for the optimal operation of
membrane processes, ensuring efficient and sustainable operation under varying
operating conditions. Overall, this research will contribute to the advancement of
membrane technology and its widespread adoption in industrial applications.

Membranoveé procesy su klucoveé v roznych priemyselnych odvetviach, vratane Cistenia
vody, farmaceutického priemyslu a spracovania potravin, vdaka ich u€innosti a
udrzatelnosti. Navrhovany vyskum si kladie za ciel vyvinut integrativny ramec, ktory
kombinuje pokrocilé matematické modelovacie techniky s optimalizacnymi algoritmami
s ciefom dosiahnut optimalne navrhovanie a prevadzku membranovych procesov.
Studia bude zahffiat vyvoj komplexnych matematickych modelov, ktoré zachytavaju
Zlozité fenomény spojené s membranovymi procesmi, pricom sa zohladnia faktory ako
prestup latky, hydrodynamika a zana$anie membrany. Dalej sa vyskum bude
zameriavat' na optimalizaciu navrhovych parametrov membranovych systémov s
cielom zlepsit vykon, minimalizovat spotrebu energie a znizit environmentalny vplyv.
Nakoniec, navrhovany ramec umozni stratégie na real-time optimalizaciu pre optimalnu
prevadzku membranovych procesov, ¢o zabezpedi efektivnu a udrzatelnu prevadzku
pri rbznych prevadzkovych podmienkach. Celkovo prispeje tento vyskum k rozvoju
membranovej technoldgie a jej rozsiahlemu pouZitiu v priemyselnych aplikaciach.
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VEGA 1/0263/25: Safe and Reliable Industrial Monitoring, Optimization, and Control

PhD Topic
Robust Optimal Experiment Design
Robustny navrh optimalnych experimentov

This project develops approaches to robust model-based design of experiments in the
context of maximume-likelihood estimation. The developed approaches provide
robustification of model-based methodologies for the design of optimal experiments by
accounting for the effect of the parametric uncertainty. The problem of robust optimal
design of experiments in the framework of nonlinear least-squares parameter
estimation is well known, yet the presently existing methods do not solve it to a full
extent. A promising step towards solving the problem appears to be based on multi-
stage robust optimization. The multi-stage formalism can aid in identifying experiments
that are better conducted in the early phase of experimentation, where parameter
knowledge is poor.

V tomto projekte su vyvijané pristupy k robustnému navrhu optimalnych experimentov v
kontexte odhadu s najvacSou pravdepodobnostou. Vytvorené metddy poskytuju
robustifikaciu metdd optimalneho navrhu experimentov zalozenych na modeli vzhladom
na neurcitost v parametroch. Problém robustného navrhu optimalnych experimentov je
dobre znamy, av8ak existujuce metddy neposkytuju dostatoCne kvalitné rieSenie.
Slubnym smerom vo vyvoji novych metdd sa ukazuje byt robustna dvojstupriova
optimalizacia. Robustna dvojstupfiova optimalizacia mbéze napoméct v identifikovani
experimentov, ktoré je vhodné vykonat v Uvodnej faze experimentovania, kedy su
poznatky o odhadovanych parametroch nedostatocné.
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